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Fig. 2. Schenwc of RFQ ~psrkcr

on surfaces ofelthcr superconducting or room-temfxraturc dcvlccs cars
lead 10 h@s field hm]tajlons—the consequences for superconducting
structures being much more severe,

Bccauw of the care taken during assemh!y and the procedures used
during r!’field condltlonlng, the RFQ cavity reached high field operation
relatively quickl!, The cntena employed were [he usual ones adopted by
most accelerator Ins,itullons: ( 1) vacuum excursions from surface tsrcak-
down were held to acceptable levels and(2) energy deposited on the
surfaces from a major breakdown arc was mlmmizcd b) a quick shut.
down ofihc high.power rfsystcm The scquen~c followcti for first h@-
powcr opcratmn wasa combination ofpultcd ( 10 pps at 01 >-ins pulse
Ienglh) and cw opcratlon. Th/ Inmal 15 hours required to attmn acccp
table high ,eld operation constslcd of2 hours pulsed to 1,6 ● Kp, 2-1/2
hours cw 10 i,3 * Kp, 1.1/2 hourscw to 1.5•Kp,4hourspulsed102” Kp,
and 5 hourscwto2,20 Kp. Duringthu following months, operation m
3 ● Kp pulsed (0,25-ms pulse length) and 2.3 ● Kp cw(about 50 kW) was
routinely ●chieved. The shorter the pulse length, the higher the field that
could be sushurtcd without significant breakdown, Some general
characteristics follow: I-MHz frequency shift from no rflnput to cw
opcratlon nt 2 ● Kp, 10-4 Pa vacuurrt with rfficlds. VSWR 1.17 ovcrcou.
pled, and 9?00 unloaded qualtty fsctor,

Vanes were lns~cted and clcancd with acctonc, trichlorocthanc, and

elhsnol aflcr several months of opcratton. Vmml mspcction showed no
signs ofcro$ion, a slgnificam change from what has &en common with
most copper. plated surfaces, A cntlcal inspection crfthe surface by
surface chemistry techniques showed no slgniflcmtt change, Rccondt.
lionm~lo hi@ fields went much fsstcr and II was observed that Ihc
number of glow points decreased by abouI an order of magnitude, Some
oftllc glow prmms appcarrd to bcaI the same location as bcforv-to
with~n the accuracy of Ihc visual Information stored on video tapes from

the TV csmcrs system,
Temporal characteristics of the li~ht emitted during pulsed rrpcration

were measured with a Iow.gain photomultipller tube that wss caltbmted
off.hnc to have an O,Lmt rnc.tlmr, AI vwtou! rfpower Ievcls, the light
nw time ( 10 to 90% level) was 1,3 ms, Independent nfduty factor or pulse
Imgth, The intensity rcmmncd constnnl 10 the end ufthc rfpulsc, at
which hme the h@tI decay !lmc (W to 1(% I?vcl) was 0,8 ms, These Ilmcs

me much lorr#er than thr Ii.kssrite ttmc (101090%IcvFI) for the rfflelds
and m probably mmcmted with thermsl etTccts, Figure 3 showi modula.
tion ofthc Itght ouIpuI from a Iar\c frequency modulation excursion used
for this measurement only, hy the sulomatw trequrncy control circuit

( 100.Hz modulation thlut the rcntsnant fkcqucncy) Emitted hght ISn
sentmvc rnemurc tsfcavlt) cf}nt!lt:)n~-cf)mpnrc the ll~ht tn the cmvlt}
quadrant probe of FIB 3, Figure 4 show! the relative Itghl intcnut!
mcssurrd asn flsnctwt oflht rff)rld! In the cavlt> Nnte Ihc !lmp
fhnctmnal cicpcndcncc and the onwl stt rstwNII 1 ● Rp

FIB 3 Ivtoduiauon of hahl intensity (lower omx) and rfticld In RFfJ (UDOCT
trace) at 29.Q-kW cwopcrallon
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Fig. 4. X-ray and li@t inleuslty(measuredoutsideof quartz window) versus
squaremot of input POWC;.

LiEht output can be used todetcrminc a threshold forcnvit} mcuk.
down, For any parhcdar operation, a spccItic lightt!ttcnsity could bc

determined that, It’exceeded, would result in cavity arcing, independent
of pulse length. For pulse lengths grca!er than the 1,3.ms light nsc tlmc,
no rfpulac.length effects were observed-operation was esscntiall!
Iirmtcd to thst frrrcw operation, For pulse lengths shorter than 1,3 rns,

the peak rftleld attained wasrclatcd 10 the light threshold, Brcausc crf a
frxcd l@st rise time, shorter rfpulses would require highci peak rfficlds
to rc,~ch the Iiabt threshold level. This eflect agrees with mcasurcmcnts
showing that higlwr peak surface fields can be sustained wilh shorter rf
pulse icngths,

Spcctrometnc measurements showed the emitted light had a continu.
ousblackbody radmtlon pmtcm (T + 1200 KI. Mcasurcnscnls of
absolute l~ght intensity knd an estimate of the numbcrof$o’.v polnt~
indlcatcd that the points were about I to 10 microns in diameter,
supportirrl I!sc thesis that the points could be surface impurltlc%, whl+
kers, diacontinuitlcs, or small imperfections. Heat~ngcould tsc fmm rf
displacement or electron emission currents.

Figure 4 show x-ray dose rate (mcastsrcu by a Baldwin.Farmer prohc)
versus rffleld level, A striklngsimilanty Its that of the h~ht cmlssmn WO$
observed, indicmtg that both cmmons must be related tn the samr
usrfacr cfTccts, X ray! were generated hy electrons accclcratcd from vartr
to vane during the rfcydc. Electron transit time ISahnrt, Ira$lnu I(1n
determination of the irrlcrvanc voltage hy measuring the end po~ni nfthc
xway spcrtnsm RIrJeand fall umes nftttc x rays wcrt measured III bc 1,2
and t?,2 ms, respcct~vclyt Similar m ll~ht emission, x-my lntcrtvt} WISJ
indcpendcnl of duty factor and PUI!C length wtwn tht pulw Itvsktlh
exccrded 1,2 m!,

The cl)d pmm rrf the x.rssy spectrum wa$ measured ISyu gcrmnntum ~.
ray tpcclromclcr, an accurtstr mmhod fi)rdcwrmln~na vnrst. m.vnnr
voltages, Isccstuaeof’ihc lntcns: radiatmn held generated, care had (t) trr

taken 10 cn!uw that tht detector and Its eltctronlcs wrrc m+! bclnp

overloaded ant! thal nraltcrcd rmltnlmn was mlnlmltrd at the dekcl(n
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This melhod of measuring I anc \ ollages has been adopled h! rncxI
Instltullons operiillng RF(J accrlcramrs. <n a~cragc M-m 4 electron
curren! Lvelween \ iines ~asesltmaled for opera{ lotl al 1-3;4 ● Kp h!
cahbrmmg Ihegermanlum de~ecmr s!stcm off-llnc wIlh a similar
geomeq and a WkcV dc eleclrcm beam of known hcam characwnsllcs

A m}crodlscharge (small flisslInf I)ghl betutt’,1 adyscen! \ anes) rewll~>d
in a ~-pSCCslksDS~(9(JI0 1(}%11Oflhc rf !klds followed 11’r)ITkdli3tL’l\ h} Ihc
usual 8-USfield nscurnc Ewh m!crodlwhargt’ hadan appro\lma[c 1(1-ps
loss of field (aboul ~jo(l rfc!cksl which ma! he ofslgnificanct’10 S0!)11’

accrleramr sccmartm
jllcrodlscharges oc~urred random]! in lime and randoml) oicr the

IengIh o! !he imc O\cr Ionp 15-I(I 6-hlcu runs. Ihc, t’olbwlng rnwr(~.
dwhicr~c riiws wrrc olwrl t.J Ior the lull! condllmned cai II!—+d I() h o!
.J*~p ,jiF;,~:*-. hpiir-w. 4 h aI I-3 J ● KIT [Jclalledexamlnal](}n (I!
ihc \ II&o lapcs Indlciilcd lhal man! of!hc mwrod]w’hargsw OCL’UITI. LI In
the region csf[lic pcJh rt”lirld~ and wcrtcl!hc’rat orlrr lhe \lc!nlt\ o! !hc
gkm potn!s Breahdo\I n. \parklng or arcing. wii~ assnclawd ullh a Iirrgc
numtwrof ihc mlcrodisuhiirgc~mul Ingahoul the \anc IIp\ ]nasustalncd
manner

CMhcr ohv.m ations and rncts$urcmcnls lncludcd
● %on[)ll;cahl~,~hangc In high-p(~urr opercl] on. asdewrmlncd b}

dlagnc~s!lcdl’\ll(’\. uhcn (I 3 m4 Ot’TS(I-kL>\’ CIAproton ham wa$
tran$m!llcd dlrutll: lhrc~ugh !hc tmrc (JI lhc dt\ ICC orua$dlrc(!l>
s~ecred onlo ~hc Ianm(ctlc[llio twain Implngcmcnlcsr trctim Io$f
grciiwr !hiin 3 m+ ml

● lncrcase~ In background prswurc 10 I () : r% produced no notmahlc
change lnoperiitlon for Ixsckgrtlund giI$c$ol N.. 4r. H:. oralr 41
pressurt’salmtt I(I ; Pa, micrt~dl$chargc$ and brcakd~)wn ralci in-
creawd drama llcall> AS Ihe prmiur~ lncreawd from 10 ‘ Pis I(J
10: Pa ~.ra~ field lc\el\ lncrciisecl b> ahiml 2(I% crccpt I’m the caw’
ofnltrogen gas. for uhlch iI 2?kI dwrcaw was obserted

lnivmit) of Frmkfurt

MOSI of the work*m at Ihc ( ‘nlverslt! of Frankfurt has been done al
I(M N’IHz using a coaxtal ),/4 resonamr. shown In Fig. 5, that emplo!cd
Iwo frequent) Iuner$ and two coaxial electrodes. one fikcd and one
adjustable under vacuum Elcclrodes were mechanlcall! pollshcd and
ulirasonlcall) cleaned in mcthimol. The rffield coupllng loops were
callhratcd b) x-ra} end.point energ} trom a germanium x-ra} spec-
trometer Vmcal obscrlatlon was b} meansofa TV camera 4 quadru-
ple mass spectrometer was ailached 10the vacuum syswm to measure
background gasconcentratmns durtng high-poweroperatlon,

I I

FIB 5 Sehemaucssfcomml A/4 resonator d - Iocm, f) _ 35cm. and
L - 70 cm

(Indcr puIwd o~ra~l~n, fscId Ievclf I(} 4” Kp were achmvcd without

sp~rkmg for pulse Irmg!hj up IO I m$ (dut} factor IO 5%). t Inder c~
condmcrn% field !evcls were ;Imltcd to 2,4 ● I(P. Breakdown vcsltngewa~
dependent on gup width when Ihe ~pwas $mall enough to conmfer gctp
Cffccti’

Flgurc 6 shows the 7.cm.dlanl plnnc clcctrodc meauwemerrts 4s pulse
Icrtglh dccrcawd, hlghcr hreakdnwn toltagcs (( I m kV based on a rate 01
m scrchn) could he wssttilnccl operatmn at pulse Iength$ Ionpsw than
scieral ms had ancqullltvnum Icvcl slmllarto \hul ot’cwoperallon
Snlallergap:. sup~~ficd Inwcr fitld~ The Iarecr Ihc gap, the vlowt the

operalwn to K;), Background vacuum prcwurc had IIIIIC cflcct to
flf lo ‘Pa

A swmpctrlwon ofeicctrnde operatwr demontlrawd Ihat u
X1.mm, dlam c}llndrtcal electrode su$talncd a vullage (0.3 cm grip) 1WIS%

Ihat oflhr plane clcc{r{dc A ml~lller 1(~-n~m.dmm rlcclrodc dIsplssycd n
I’urthcr Ir)(hjlnlpr:}vrmcnt 1 lpIt~ o ● Kp[ I()$ kV versu$ 17 kV}
breakclnwrv Ynltstpr WCS$mctjwmxl with the 1().mrn.dlam clcctrodr for n
[) 1.cm gap Thl\ perlormancc rrduml I(J nh(mt 10 KP(44{I k\’ vcrw

-— p ~ 5.10”5 Torr

— -- —-1.8cm

x

lw-

—-—-– --.-l,Ocm

-- .-,- .- ._ ___ _

I
.—.-.—.—.-.—,—-.

so -0.5cm
Kilpc~rlck-ltml$

.---- —--–, -O.2cm

o 2 & [msecl

FIR 6 Breakdown ~oltage versu$ pulse Ienglh for plane eleclrdes( ’-cn].dl:im
dish) v.l!h blpalnck Ilmll shown Ior each gapdwaruc.

147 hV) for a I .25-cm gap Geomct~ plays an Imporcanl pars In ~ollagcj
wistalned In an accelerator. Cavity geomct~ must be carcfull} selcclcd 10
dcslgn a sysmn that will suppon high rffields. A compromise between rf
cfllcicncy, beam Ioadlngcffccts. and rfvohagc stand-off must bc made

Some accelerator applications have considered the use of C’s Ions
(heavy ion fusion) or the use of ncgailve Ions, the latter result]ng In a
small background Cs gas from the Ion source for certain source I) PM
Figure 7 clIspliays sparking rate asa function ~f voltage for opwatmn wllh
and wlthoul C’s background gas. .4 factor of 2 rcductlon In ~oltagr stand-
offcapablllty was no!cd for pulse lenSth$ from 0. I to 0.8 ms. Thl$
reducuon was presumably from the absorption of low work funcilon (’~
tiapor on the metal sccrfaccs Senslovlty ofthls effect todiffcrcnl part l:il
prcssurm of Cs vapor IS~till 10be l~tvesti~ated, Sccrfatcs rc[urned II) Ihelr
onglnal operating charactcnsucs without (’s after several hours ol
vacuum pumping.

Elcctrodcs for measurements listed above were made ofsolld OFti(
cop~r. Machlmrtg would becasiet Ifan alloy such asCr Cu (99,7$1 ( u
075%Cr, 0,08% Zr) were sclcctcd. Material hardness followlng tenlpcr;l.
turc cychn~ (associated with fabrication) would also be better than
OFHC copper, Unforttanatcly, breakdown measurements shmvcd that ( r
Cu alloy had a 10% Iowcr voltage stand-ofTcapabil}ly rwcr a wide range’
of duty factors and pulse Icrrgths, Ifa particular appllcatton can tolernlc ;I
10% loss In attalr.able field Icvcl, thts alloy might be a reasonable ch[)lcc

Mass spectromctnc mcasurcmcnts showed Ihc Iyplcal water comptj.
nents (H and OH), hydrocarhcvn lines, nitiogen, and carhcm dlmldc
Hydrogen whs [hc only spectral component that changed rrotlccutvl~ is~i)

tad /
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funcnon of field. Following cal it} conditioning (O.5-cm gap wi!h Kp of
60 kV ). the h}drogen parmal pressure increases (factors of 5). seen ~vom
the I/3 m I ● Kp levels, essenltall~ disappeared. A full! conditioned
cai II> d]splayed an increase of the hydrogen partial pressure by up to a

factor of 5 between the I and 1.5 ● Kp levels and a significant Increase
again aboved ● Kp-a 10{of the Iatler?ssoctated wi!h arcs.

Prellminap surface examlrratmns followlrig breakdown tesls showed
thal arcing between surfaces resulted in an erosion of the surface w’th ihe
production ofaboul 0. I-mm-dtam craters.

I-’nitersiI) of Main4

StafTat the (’niverslt! of Malnz haI e been work]ng on a threr+tage
mlcrotron to obtalri 8.10-Mc\’ cm electron beams for research pur-poses
The acceleraung structures ]n each of the microlons ( 14- and I fio-?slc~”
Intermcdlate slagcs)and {hc ln~ectorare based on a 2450-NIHZ on-a~ls
coupled Ilna( dekeloped’ at t)w 1 ‘nlverslt! of hlalnz on the basis of wor!ia
al CRNL. Threw Imac had 10 he drslgned carefully with conslderat]ons
ofrfefflclenc\. geomet~, higher order mode excnatlon. coollng. lrrler-
cavlt) coupllng and fabncailon methods, \n associated experiment In
collaboration with ~RNL was undertaken to deterrnlnc the Ilmits m
opcrat]ng the Ilnac under hl~h-power rfco~dltlons.

Although ~he Ilnac (11ree accelerating cells, twocouphng cells) was
operated at maximum surface fields less ItIC I /3 ● Kp, glow pmnts were
wsible on the noses of the shaped accelerating cells as wewed along Ihc
s!ruclure ax]s. A 1/3 ● Kp I]mll wasdeteimlned,$ based on thermal effccvs

dcscrlbed Eelow This operating le~ d corresponded to
3.5 MeV/m average acceleramrg gradleni with a related r,ower level of
210 kW’/m-heat !hat had 10 be r .’moved from the struclurc (see FIg 8).
Besl operation of such a blpermclc structure WIII occur lfthe stop-band
gap between the two bands of;he frequent! dispersion spectra remains
relatlvel:, small (< 0,02% ofopcratlrrg frequenc>)overall operahn8

cordllions

—— ..- -1

I .— .. —.-_.—. –— ________ . . . —

FIB,8, Schernauc olon+xls coupled cnvII) showing cooling swcum

Because of unrqucl heating of Ihe wcb$ (heal from accelerating cell

side, vev Imle from couphnfj cell side), web mo wnent can lead 10II
s@tU3canl !Iopband gap, This frequency shlfl ISrelated to the high
rrlhiivc sensitivity oflhc couplingccll to on.axmgapchanges. Figure o
thows the stopband gap st$a func[mn of Irrpui power for circumferentla:
coohne only (maximum web s!ress) and for web plus circumfercnlml
coohng. For the Iattercme, operswsn to 210 kW/m was aacccptcaNe

Mcm.trcmrnls of the stop-band gasp(h} memuringnll passbood
:rrodrs)ma fizrrcnon of power forclrcum!rrcnt~al coohng on)) showed
Ihm for powers ICM than 70 LW’/m the stopbnnd gap returned tn Its ?cru
pcrwcr valur aftcreach cycle, AI higher power levels, a permanent

dtslorrton wes inwoduccd, Forcriarnplc, n mearnured, permartcnt, (),$.
MH7 stop.band gap v.as introduced afler opera!wn 10100 kW;m (cor-
respwtdmg 2S.MHI slop.band gap) Thl$ dlslorcion (Ihcrmal IImlt) WCS!
cau$cd ~) Mktngsomcof the wets pust the ,opper ytcld strctrnrand
introducing a permanent deformstmrr Weh swrrhng allowrd onc to rcnch
2 1(! kW’/m before these efliicts became ln}p.x~ant,

KEK, Japan }Ilgh F.ncruy Physics I Asrator}

In SIUdICS’”ufn 201.MHI RF(J for accrlerallnu H from W Lev I()
750 keV, electropollshin~ Of solid copper rtv+ulImfin good rfconductlvlty

t
‘ 4: ““’’--m::”

●*9*****
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Fig. Q Smpbanc! frcqurnc> gap \crsus Inpu! power
for Iwo crsollng slluallons,

and relall’. el~ high breakdown levels. C’ross-sectional views of surfisccs
before i ml after pollshing showed significant surface-roughness rcduc-
tlons. Pohshing 10 depths of 2510 50pm seemed to be optimum, DC WSIS
of OFHC’ copper RFQ vane simulation pieces showed that aboczl 2,4 ●

Kp was attainable for no electropollshlng. a 25-pm pohsh, a 5fJ-~m
pohsh. and a IOO-pm pollsh.

Different materirds(mc[als and dielectrics) are being invcst;galed” for
performance. With at[cntlon mdlssrdved gases, surface structure. local
heaung, mulllpuctonng. grain sizes, voids. and polishing technlquc$

Lmvrwsce Berkdey Laboratory

The Bevatron 200-MHz A lvarez Iinac injector has been opcratt ng
( 1ms, aboul 2 pps)al about I * Kp for more than 10 years, Rcccnll)’: II
was opened for n rebuild. A noticeable amount ofcoppcr was I!lng at Ihc
bottom of the rank in the Iota’ion oflhe firct 10drltl tubes., Tht%e dnfl
tube sutfaces showed a significant iamcrunt of plttingor erosion In
addltiorr. mullipactor pallems were seen on the outer wall, The solld-
copper drit? Iubes were soft soldered and AR plated, The Ag plsstc pcclcd
offv, ithin ~ week$ofinitial o~ralion, and [he son solder wasero( MI OIIt

ofihejomts. especially from the first few drifl tubes.
Kennedy’] has investigated RFQ electrode surfaces by placing c) lln-

drical surrsples 0.25 mm from an elsctropolished s!ainlms steel clcctrodr
with a 1,3.cm radius of curvature, the system energl?ed In vacuum h) :1
60.Hz power source. Elcctrolms N I surfaces held off voltage about 30(+1
better than bare steel, which Itself wasaboul 20% better than a (),f)t)S.mnl
Cu.plated (cyanldc copper eleclroplale) surface. After aboui I M) $purks.
the 0,005 -mrrr (’u plate eroded so scvcrcly that bare steel was ex.
posed-determined by a scanrrlng elccwon microscope examlrrnlmn 4
Ihtcker, 0,05.mm C1.plated surfacr showed the aamegcneral Iratlts, WIIh

more sparks required to reach the bare.steel backing,
The better perrormancr of the elcctroless Ni surface has been nl.

tributed toa smatll amount of contained P lhat Irrcrea: cd the mtslcniil

mechanical $tren&th, The Increase in strcnkth mny prevent learln~ \mI (~f
whiskcrt and subsequent spcsrklng,

A Joint LBL/LLNl. tv:o.beam accelerator program” mt’olvmg a
seven-cell 35.GHz struclurc (see FIN 10, hnwd on the SLAC’ 2rr/3 mtdc’

Iiii.’
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iestgn) has a~talned I JOO-hl\’, m surface iields (about X ● Kp) fnr 80 MU’
oipulsed Input power ( 10 n$. I pps) SurRice fin!sh of the 6 7-mm-dmm
$wucturt’ t’ormed from (u elec~rolhrmtng and etch remo\ al o!’ Al rings 1$
excellent at seIeral mlcrolnches.

Stanford Linac ~ccelerator Centre

RF breakdown s~udle$ hai e been nerformed on a seven-cell
285rI.3f HJ struclurt slmllarl{~ Ihal of Flg 10. eicept ~hat them~ll> has

an 8 ?-cm dmm and operatt>s In a n siandlng wave mode. Surface frt’lds of
300 J1l’ m (6 * Kp) were retichcd ‘ for operallorr at 3--Al\\ peak.(2 \.m\
pulw. 120pps) ,Aswc!awd wl:h this opcratlnn wrrc h]gh radlatlon field~
o!s-ails from about ~$rr A peak.. l[L$lc\’ eieclrons. ~CL.SUSt’ ot’the
Inlense and energet]c t’leclrons. struL.turc end plates .Ir wlnd,ws must h

desigr .-d careful: Fowler.\ordhcln) plots” were used 10dlspla} rl’
processing. sur!~.r t’kL’tfon emtsslon under the Influence otslrortg
elec~nc fields can be plottxl. I (elcclron emlsslon ccsrrcnt)i E: (Elcctrlc
field across surfaces). as a functton of I E to determine a surface
enhancement factor ~ tha~ should lmpr[l\c wl~h uond}tlonlng.

4
‘n(’’E”)= - ~~.+ ‘n(B~i”’”)

wher. 4 and B ~rt conslants and I!, If Ihc surthcc area The factor [) can he

determined lrorn the sl~pc or Intercept ofthls str~lght Ilnc, F:gurc I I
shows t!plcal Farada! cupresullr, for the 285&kt Hzca\lt!. L]nes I to.1
shrm]ng 1~lmprot ements from 14010102 were hascd on ( I ) Inllml
concll!lonsaliera 250”C bakcout. (2)se\eral weeks ofrfcondttlonlng, (3)
argon processlngat 10”’ Pa. and (4 I cwndl{lonlng after argon processing
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Q enhancement h} a factor of 2.’ from room temperature to -197 (’
obser\ cd for lo’~ power opmalmn was IOSI Iur high power operatl(~n
Further st)dws cm th:s eflbcl arc planned.

Breakdown le\el was nol enhanced from diamond pollsh]ng nor !rom
elect ropoliih!ng of surfaces. was Independent of pulse repetl[:on rtiw ( 7( I
to 300 PPS)and coollng temperature (–l 80’10 40”(’). was the same for
surfaces of stmnless steel, aluminum. [Itanlum. sohd OFH(-copper aod
Cu-plaled steel. was nol enhanced b! TI coatings. and iIcIuall! dccreawd
with NI plat]ng.

Summary and Conclusions

Significant amounts of]nformation are available on the Ilmltatmns I(I
operating rfs!stcms at hlgil fields. A better understanding of what IS
happening on the surface, In detail, and what improvements arc poss Ihlc
is the Impetus for future actlvlues, The observablcs, such as x.ra) znd
Iigf’.t emission. have proved to be Important diagnostic tools.

.4 number of ideas explain surfisce phenomena Ihal limit high ftcld
operauon. These Include surface heating from ion bombardment. clct -
iron e:nlsslon f. 9M surface imperfections and vaporizallrsn ellicts. itnd
the clump hypothews Ieadlng 10transfer ofsignifrcani amounts 01
maternal Clean surfaces, free ofimpunties and defects. arc preferrui
Limitatlcnsseem 10be related to adsorbates, oxides, dusl. inciu~lrms.
surface defects, dielectric clumps. and eroded trouble spots hlo~ewrl
choice, and subsequent cleaning techniques during processlngand l;lhrl -
catlon arc important considerations,

To reduce the problems from eroded locations, one should cmplo!
condltiotling procedures that mlnimlzc the production oferodrd SPOIS
and subsequent cnllrgement ordegradingofthe eroded areas A prow’.
durc that surveys gas evolution a~d field emlsslon durtng operation
should be adopted, Attennon should bc paid 10 dctailsofthe vacuum
system, possible baking. and cleanlngwith an Inert background gisf wlch
as argon, It ISan absolute necessity to mlnlrrlzc arcingrsr sparking on ~hc
surfrces, A condluonlng technique using both pulsed and C* pcrti!lon If
especially cffcctlve, as long m the mlcrodischarge rate is kr ,asonoblc

Thermal characteristics and Ilmlusl)onsraused h! takll - ,noterltil

beyond yield stresses should be considered In the dcslgn of rfs)stcrnf AI I
Importan[ aspect ISthe selection of thr cawt) geometry nnd Ihc rncilr)s 01”

cooltng the rfsurfciccs
Design olrf’sytcrns should mlnlrntzc the productlorr 01 x rii, \ isnd

ultra vtoltt radlatton-1 Irtot totally possIhlc, then mtnlmlzc the Implngv
mcnt of these radmtmts on surfaccs cx~~rlcnctn~ hlkh ftrcwe~ i)tl(l

surfaces prone 10damage from Ihesc radusttons
Future acttvltlcs will Inclutic studies of-surface wstlngs suvh ii~ Ihln

dlclccmcs orcompo$ltcs. shorter put$cs to Hlta,n htghcr furtticc licld~,
lmhcddcd lmpuntic~ to stud) !ocal sur-fiate el~cctt, rnlcrns.wpw ~urlil~t’
tnvc~llgcs!mtts undrr hlph cmwcr rf opcratmn stnd a dct:lllcd Nod! (II thu
anamlalousc~t)gcnl~” (l Iqu Isl nitrogen) cllcct tit VI(N) M}l/

Achtotsledgmmtu

Thcnuthorwouki Ilkc II) (honk R, M. Hutct)con, (i [,, M~hlt~hi\(,l, J
M Potwr, II KICIII. 4 Schcmpp, P Junior, }1. kutcneut, 1{ Ilcrrn.
Ingh(m<c, J, 1) l.ahrle, (i () Hnlrnu, [,, ‘Ia,uthc, K Kcnned},,l Sl:Iplt, I
W’, M’unu, (t A Ltwu, I), }iopkln~, und R, W’ Iiarnrn li~t pnrtlcipu(lng In



discussions on Ibis lopic and for inforrnaiion supplied Ihai has been used
m Ibis paper. The resulls and data presented are based on the aulhor”s
imerprtlatlon of ihese discussions and reformation ..4 final lhanks 10
BeII} Jane Ferandin for her pauence and perscvcrancr.
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